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Summary In patients with tuberous sclerosis complex (TSC), the high rates of
mental retardation are associated with cortical tubers, seizure activity, and
genetic factors. The goal of the study was to investigate the relationship between
bilateral cortical tubers and seizure variables and mental retardation in individuals
with TSC. The records of 27 patients with TSC (age 6 months to 33 years) under-
going neuropsychological assessment and the following clinical variables were
examined: bilateral versus non-bilateral cortical tubers, the age of seizure onset,
and presence of infantile spasms. Results were statistically analyzed. Bilateral
cortical tubers ( p = 0.02) and early age of seizure onset ( p = 0.04) were signifi-
cantly related to impaired cognitive functioning. Only one of the seven patients
with normal cognitive functioning had bilateral tubers, whereas 13/21 patients
with intellectual impairment had bilateral tubers. Patients with normal cognitive
functioning experienced a mean age of seizure onset after 6 years. A trend was
observed between infantile spasms and cognitive functioning ( p = 0.06); the lack
of statistical significance likely reflects the small sample size. Neither age nor
gender was related to cognitive status. Further investigation incorporating addi-
tional neuroimaging factors, antiepileptic treatment effects, and genetic vari-
ables, is needed.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Tuberous sclerosis complex (TSC) is a multisystem
disorder associated with high rates of mental retar-
dation and autism, often attributed to cortical* Corresponding author. Tel.: +1 212 263 8317;
fax: +1 212 263 8342.
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doi:10.1016/j.seizure.2006.06.010tubers and seizure activity. A greater number of
tubers is usually found in individuals with cognitive
impairment.1,2 Low intelligence quotient (IQ) has
been correlated with the number of lobes affected.3
In individuals with seizures, an earlier age of seizure
onset4 and in particular infantile spasms1,5 are most
strongly linked with cognitive impairment. In indi-
viduals with infantile spasms, specific variables
including increased duration of infantile spasms. Published by Elsevier Ltd. All rights reserved.
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ment initiation to cessation, and control of seizures
other than infantile spasms after infantile spasm
resolution have been found to have a significant
relationship with intellectual outcome.6 Genetic
factors contribute to outcomes; the TSC1 mutation
and unidentifiable mutations have been associated
with lesser degree of intellectual and behavioral
compromise characterized by higher intellectual
functioning and better seizure control than the
TSC2 mutation.7—9
The goal of the present study is to characterize
the level of cognitive or adaptive functioning in a
sample of TSC individuals using standardized mea-
sures of assessment. A retrospective analysis of the
relationship between seizure status including infan-
tile spasms and age at seizure onset, tuber burden,
and cognitive status was conducted.Methods
Subjects
Subjects were patients seen at the tertiary care NYU
Tuberous Sclerosis and Epilepsy Centers. The sample
consisted of 27 individuals referred for neuropsy-
chological assessment between July of 1993 and May
of 2003 in the context of a comprehensive neuro-
logical and medical evaluation. All subjects whose
neuropsychological data contained a Full Scale IQ or
a Vineland Adaptive Behavior Composite standard
score, and in whom an MRI scan of the brain was
undertaken were included. In those subjects under-
going multiple assessments, the more recent score
was examined. Subjects included 11 males and 16
females. Mean age at the time of neuropsychologi-
cal assessment was 9 years (S.D., 8.4 years; range, 6
months to 33 years). Approval for the study was
obtained from the institutional review board.
Neuropsychological assessment
The Vineland Adaptive Behavior Scales Interview
Edition Expanded Form (VABS)10 was used in sub-
jects too young or too developmentally delayed to
undergo formal testing. The VABS Adaptive Behavior
Composite (ABC) standard score was derived, pro-
viding an overall estimate of adaptive functioning.
In subjects able to undergo formal testing, the
Wechsler Adult Intelligence Scale — Third Edition
(WAIS-III),11 Wechsler Abbreviated Scale of Intelli-
gence (WASI)12 or theWechsler Intelligence Scale for
Children — Third Edition (WISC-III)13 were used. Both
the VABS ABC and Wechsler FSIQ have a mean of 100
and a standard deviation of 15.Neurological variables
A diagnosis of TSC was made using established clin-
ical criteria.14 Information concerning seizure
onset, seizure type, and MRI findings were collected
from a review of medical records. Table 1 sum-
marizes demographic and clinical information.
Data analysis
Subjects were divided into three groups according
to standard scores obtained on the VABS ABC or the
relevant Wechsler Full Scale IQ. Scores 80 were
designated as ‘‘normal.’’ Scores within the range of
60—79 were classified as ‘‘mildly impaired.’’ Those
below 60 were termed ‘‘significantly impaired.’’
Subjects were also divided into two groups: those
having bilateral cortical tubers and those with other
findings. The percentage of subjects with bilateral
cortical tubers was calculated for the sample as a
whole and for each of the three cognitive groups.
The mean age at seizure onset in months and the
percentage of subjects with infantile spasms were
calculated for the sample as a whole and for each of
the three cognitive groups.
Several analyses were undertaken for the group
as a whole. Chi-square analyses were performed
using cognitive status and gender, cognitive status
and history of infantile spasms, and cognitive
status and MRI findings (bilateral tubers versus
findings indicating the absence of bilateral
tubers). Point-biserial correlation was computed
between level of cognitive status and age at sei-
zure onset (rank ordered). A Pearson correlation
coefficient was calculated using age and cognitive
status as the two variables. Level of significance
was set at 0.05. All analyses were conducted using
the Statistic Package for the Social Sciences
(SPSS).Results
Seven subjects (26%) obtained test scores within the
‘‘normal’’ range, seven (26%) fell in the ‘‘mildly
impaired’’ range, and 13 (48%) were ‘‘significantly
impaired.’’ Sixteen subjects obtained a score lower
than 70 (see Table 1), a range representative of
mental retardation according to the Diagnostic and
Statistical Manual of Mental Disorders — Fourth
Edition-Text Revision (DSM-IV-TR).15
Seizures were present in 25 of the 27 individuals,
with the mean age of seizure onset at 22 months
(range, <1 month to 17 years). Mean age at seizure
onset in the cognitively normal group was 74
months, 16 months in the mildly impaired group,
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Table 1 TSC Subject demographic and clinical variables
Subject
number
Age
(years)
Gender Vineland
ABC
Infantile
spasms
Age at seizure
onset (months)
MRI
1 21 F 19 Yes 12 B/L, cortical
2 33 F 99a No 156 Normal
3 0—06 F 90 Yes 4 L hemisphere tubers
4 12 F 73a No 72 B/L, cortical
5 20 M 55a Yes 3 B/L, cortical
6 10 F 36 No 3 R hemisphere tubers
7 6 F 42 No 1 Multiple SENs
8 15 F 73a No 24 B/L, subependymal tubers
9 2 F 48 Yes 1 B/L, cortical
10 3 F 64 No 1 B/L, cortical
11 1 F 77 No 8 N/A
12 2 M 59 Yes 1 B/L, cortical
13 4 F 43 Yes 4 B/L, cortical
14 2 M 73 No 2 B/L, cortical
15 11 M 21 Yes 4 B/L, cortical
16 7 F 53 Yes 6 B/L, subcortical
17 17 M 103a No R parietal tubers
18 0—06 F 90 Yes 6 Multiple SENS
19 18 M 116a No 204 Normal
20 20 M 91a No R hemisphere tubers
21 6 F 64 Yes 1 B/L, cortical
22 3 M 69 No 7 B/L, cortical
23 0—06 M 102 Yes 3 B/L, cortical
24 6 M 43 No 0 B/L, cortical
25 1 F 58 Yes 1 B/L, cortical
26 8 M 27 No 18 N/A
27 14 F 19 Yes 3 N/A
B/L, bilateral; L, left; R, right; SEN, subependymal nodule.
a Wechsler measure.and 4 months in the significantly impaired group.
There was a significant positive correlation between
level of cognitive status and age at seizure onset
(rpb = 0.41, p = 0.04). The correlation between
age and cognitive status was not significant (R =
0.16, p = 0.42). No effect was found for gender
(X2 = 1.2, p = 0.53).
Thirteen subjects had a history of infantile
spasms. The percentage of subjects with infantile
spasms was highest in the significantly impaired
range (69%), and lower in the normal (43%) and
mildly impaired (14%) groups. A trend was observed
for the presence of infantile spasms (X2 = 5.6,
p = 0.06) and cognitive status.
Two subjects had normal MRI scans of the brain.
In the cognitively normal group, one of seven (14%)
subjects had bilateral tubers. In contrast, five of the
seven subjects with mild cognitive impairment
(71%) and eight of the 14 (57%) subjects with sig-
nificant cognitive impairment had bilateral tubers.
Results of Chi-square analyses were significant for
level of cognitive status and MRI findings (X2 = 7.3,
p = 0.02).Discussion
Overall, 59% of our TSC sample scored in the men-
tally retarded range, which is consistent with pre-
viously reported clinical series.2,5,16 The presence of
cognitive impairment in our series was significantly
correlated with the presence of bilateral tubers on
MRI and the age of seizure onset. The earlier the age
of onset, the more likely the patient demonstrated
cognitive impairment on evaluation. In the group of
patients classified with normal cognitive function-
ing, the average age of onset of seizures was after 6
years. In contrast, only one of the 13 individuals with
significant cognitive impairment had seizure onset
later than 1 year. A correlation between early age of
seizure onset and mental retardation was reported
in both non-TSC17 and in TSC samples.4,18 In our
sample, there was a statistical trend toward a rela-
tionship between infantile spasms and cognitive
impairment; however, this did not reach statistical
significance. Likely, the lack of statistical signifi-
cance probably reflects the relatively small sample
size of this series. Nonetheless, a much greater
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a history of infantile spasms, in comparison to the
group with mild or no cognitive impairment. While a
possible referral bias was inherent in that subjects
studied were patients at a tertiary care epilepsy
center, in the majority of individuals with TSC
requiring medical attention, seizures are perhaps
the most common referral issue.
In our series, there is a statistically significant
increased risk for intellectual impairment in
patients with bilateral as opposed to unilateral
cortical tubers. This is consistent with a previous
report on bilateral versus unilateral tubers on neu-
roimaging.19 This finding may reflect the functional
impact of tubers in similar topographic areas bilat-
erally. In 60% of impaired individuals, bilateral cor-
tical tubers were found. As was seen previously in an
epidemiological survey, neither age nor gender were
significantly related to cognitive status.20
Further investigations should focus on a wider
array of factors and in particular the interactions
between these variables. A recent study has pro-
vided insight into the nature of the effect of multi-
ple factors and their interaction upon intellectual
outcome.1 While our series has focused on tuber
laterality on neuroimaging along with the onset of
seizures and infantile spasms, other variables,
including the total number of cortical tubers, and
the volume of cortical tubers significantly affect the
cognitive outcome of patients with TSC. However, it
has been suggested that specific tuber variables
such as location, may be too imprecise a measure
in for instance assessing the likelihood of developing
autism.21 It is possible that neuroanatomic localiza-
tion alone does not produce the full clinical spec-
trum, but rather that disruption of normal cognitive
and behavioral cortico-cortical and subcortico-cor-
tical networks may be the key factor. Although this
may be predicted in part by neuroimaging, electro-
physiological assessment and review of white mat-
ter connections may be required to fully evaluate
these variables. The potentially beneficial, as well
as detrimental, effects of antiepileptic medications
cannot be ignored in assessing long term behavioral
and cognitive outcomes, in particular noting the
developmental benefit derived from Vigabatrin.22
In addition, further investigation into the role of
the underlying genetic mutation in determining the
cognitive phenotype is required. Greater clinical
compromise has been associated with mutation of
TSC2 relative to TSC17,8,23 and in those with spora-
dic versus familial cases.24 Those patients with uni-
dentified mutations have been found to have less
severe clinical involvement.9 Analysis of the rela-
tion between genetic and neurological findings
would further our understanding of the mechanismsbehind intellectual deficit in TSC. For instance, a
combination of mutation type (TSC2) and infantile
spasms increased the likelihood of a low IQ at out-
come in one report.7 Although the cognitive out-
come of patients with TSC remains multi-factorial,
we report a series of patients in which a demon-
strable correlation between laterality of cortical
tubers as well as the age at seizure onset and
cognitive performance was found. Further prospec-
tive studies, including anatomic and volumetric
analysis of cortical tubers and correlation with sei-
zure onset and treatments is needed to better
understand the key factors contributing to beha-
vioral and cognitive deficit in patients with TSC.Acknowledgement
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